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Tém tit: Trong bai bao nay, thuc hién nghién clru
thiét ké, ché tao mot bo khuéch dai siéu cao tan tap
am thap (LNA) hoat dong & tin s6 9 GHz cua bing
tan X (tir 8 GHz dén 12 GHz) c6 kha ning dap tmg
céc yéu cau sir dung trong may thu radar voi hé sb
khuéch dai: > 10dB, hé sb tap 4m < 0,8 va hé sb
phan xa 16i vao thap hon -20dB. Mach thiét ké s
dung SPF-3043, la mdt transistor truong pHEMT
GaAs, dugc sir dung kha phd bién trong cac thiét
ké LNA do gi4 thanh ré nhung hi¢u sut va hé sd
khuéch dai cao, vi tan s c6 kha ning mé rong 1én
dén 10 GHz.

Tir khéa: LNA, phdi hop tré khang, bang tan X,
radar.

. MO PAU

Radar 1a mot hé théng vo tuyén phd bién ding dé
phat hién va xac dinh vi tri cia muc tiéu so voi
tram radar. Tur khi ra doi cho dén nay, radar khong
ngimg duoc cai tién va ngay cang hoan thién. Cling
v6i su phat trién ciia cac nganh khoa hoc, dugc ting
dung thanh tyu vé tu dong hoa, ky thuat dién tu,
cling v6i sy phat trién vé vo tuyén dién, tinh ning
ky thuat, khai thac va hoat dong cia radar dugc
nang cao khong ngung va ngay cang di sau vao
phuc vu doi séng nhu giao thong hang khong, giam
sat thoi tiét va dac biét 1a trong linh vuc quan su
v6i kha nang phat hién muc tiéu nhanh chéng va
giam sat bao vé bién. Céc radar hién dai ngay nay
sir dung anten mang pha bang X nham dat dugc do
phan giai cao anh quét trén man hinh radar.
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Chinh vi vy, trong cic hé thng radar, may thu
ludn doéng vai tro quan trong, ¢6 nhiém vu nhan tin
hiéu phan xa tu muc tiéu vé, qua anten, bién thanh
tin hiéu dién rdi khuéch dai dua sang thiét bi chi

bao hién thi di€ém dau muc tiéu [4].
B0 khuéch dai
xung anh

Hinh 1. So d6 khéi mdy thu radar
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Bg dao dong ndi

Bo khuéch dai tap am thap (LNA) thé hién trong
Hinh 1 1a bd khuech dai tAng dAu vao cua may thu
radar, dugc dat gan anten, c6 vai tro quan trong
nham ting tin hiéu thu mong mudn va glam tap
am gy ra trén tuyén anten va feeder. Thiét ké, ché
tao thiét bi LNA lam viéc ¢ bang tin X (8 GHz -
12 GHz) 1a mét thir thach rat khé khin do tan sb
lam viéc rat cao nhung thiét bi ché tao dugce s& tro
nén thiét thyc trong xu hudng ngay cang nhiéu ung
dung k¥ thuét vao doi song.

Muc dich chinh cua bai bao 13 nhim dua ra mot
thiét ké mach khuéch dai tap am thap (LNA) ¢ cdu
tric don gian, sir dyng transistor truong 1a pHEMT
GaAs SPF - 3043 co chi phi thap nhung hoat dong
hiéu qua & tan so cao. Mot s6 tham so duoc luu y
va khao sat bao gom hé s6 khuéch dai, hé sb tap am
va do 6n dinh dé qua do ti wu tai tan sb cao, 9GHz
thudc bang tan X (8GHz - 12GHz) [6].

Il. CO SO’ LY THUYET
A. Bé khuéch dai cao tan tap am thap

Muc tiéu thiét ké va ché tao thanh cong bd khuéch
dai si€u cao tan tap am thap (LNA) hoat dong &
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bang tin X c6 kha nang dap tmg cic yéu ciu su
dung trong mdy thu radar. D4i tan lam viéc: bang X
(tr 8 GHz dén 12 GHz). Hé s0 khuéch dai: > 10dB.

2 N F’hfi . Phéi
0 op tré . hop tré Z
Knang SPF-3043 P
16i vao (_:| I:_) € > lbira
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Hinh 2. So @6 khéi mach khuéch dai tap am thép

So dd bd khuéch dai cao tan tap am thép, nhu thé
hién trong Hinh 2 sir dung cho thiét ké bao gdbm
phan phdi hop tré khang 16i vao, 16i ra va linh kién
khuéch dai transistor truong cho céc tmg dung tan
sO cao.

B. Transistor truong SPF-3043

Linh kién transistor dugc Iyu chon trong thiét ké,
ché tao bo khuéch dai siéu cao tan tap am thép
bang X dung cho may thu radar la SPF-3043 cua
Stanford [5]. Day la transistor truong pHEMT
GaAs dugc sir dung kha phd bién trong cac thiét
ké LNA do hiéu suit va hé sb khuéch dai cao, co
kha ning mé rong tan sb 1én dén 10 GHz. Mot sb
tham s6 k¥ thuat cia SPF-3043 dugc dua ra theo
Hinh 3, theo d6 trong bing tin X (tir 8 GHz dén 10
GHz), SPF-3043 c6 thé khuéch dai tin hiéu tir 10
dB dén 15 dB dam bao cac yéu ciu cho viéc thiét
ké LNA & bang tan X ¢6 hé sb khuéch dai dat yéu
cau d6i véi mot hé thdng anten c¢& nho dén trung
binh, trong khi chi phi lai khong qué cao.
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Hinh 3. Hé s& khuéch dai ctia SPF-3043
C. Khéo sat mét sé tham sé chinh
1) Khao sat d6 6n dinh

Tai tAn s6 mong mudn thiét két (9 GHz), ta s& khao
sat d On dinh cuia transistor truong SPF-3043. b6
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on dinh dugc tinh theo hai hé s6 K va AS theo 2
cong thuc sau [6]:

AS=|S,S,-S,S,)| )

11

LIS P fSa [ +Jasf
2lS, S, |
Véi hé s6 K > 1, AS < 1, khi thiét k& mach voi
transistor SPF-3043 tai 9GHz, mach 6n dinh v
diéu kién.

)

2) Khao sat hé s6 pham chat

Muc dich cta viéc khao sat hé sb phém chat U
nham don gian hoa viéc thiét ké va danh gia sai
s0 khi thiét k&€ mach khuéch dai tap am thap [3].
Trudc tién ta xét theo cong thire:
1 G, 1
2 < < 2
(1+U)" Gy (1=U)

(3)
Trong d6: U dugc goi 1a hé sb phém chat don
hudng.
B 1 N
(=[S, [Ha-[Sx["

Gia tri U thé hién sai s khi xem xét hé s cong suat
truyén nguoc S, du nho dan t6i 0. Voi gia tri U du
nho dan t61 0, ta ¢6 thé coi S, = 0.

(4)

3) Udc luong hé sé khuéch dai

Hé¢ sb khuéch dai t6i da clia mach thiét ké c6 thé
wéc lwong thong qua cac tham sd tan xa caa SPF-
304Q, do q& coi S, =0, nép ta& ¢ thé wéc lugong
hé s6 khuéch dai mach thiét ké dat tdi theo cong
thtre [3]:

1 1

Grypn =——— |, ————
TU max 1_‘S1]‘2‘ 21‘ 1_‘S22‘2 (5)

D. Tinh todn Iy thuyét nhanh 16i vao va 16i ra

Tir cac tham sd S-Parameter ctia SPF-3043 theo file
.S2P, ta c6 cac tham sb quan trong: S,,=0,50602 £
146,318 va S, = 0,13321£-152,768 cho viée tinh
toan phoi hop tré khang 161 vao va 16i ra tan s6 9
GHz.
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Vi ta xem nhu §, = 0 nén ta c6 h¢ sb phan xa 161
vao va 16i ra tuorng ung:

I—;n SII’ Faut = S22 (6)

Khi d6, viéc xac dinh trg khang 16i vao va 16i ra
mach phdi hop tré khang cua linh kién SPF-3043
véi dudng truyén Z,= 50 Q dugc thyc hién theo
cong thirc nhu sau [2]:

1+T,

0 1-T. out

1+T
— Z _ " out (7)
1 Fuut

Z,=7
Thay céc gia tri vao hai cong thurc trén, ta tinh dugc:

Z =17,75+j*13,35; Z =39,15-j*4,85 (8)
Phwong thirc phéi hop tré khang cho mach thiét ké
nay la st dung doan day c6 d6 dai A/4, do phuong
phap nay d& thyc hién ca trong tinh toan 1y thuyét
va ché tao mach thyc té. Vi phuong phap nay chi
6 thé dung dé phdi hop tré khang thuan tré véi
ducmg truyén, trong khi gla tri trd khang 16i vao zZ
va 16i ra Z ., c6 thanh phan phuc nén ta phal dua
diém khang phuc nay veé gia tri tro khang thuén trg
bang cach sir dung doan dudng truyén giita tai va
doan day A/4.

Str dung cong cu gian do Smith, v& dudng tron qua
diém tré khang phuc s& cat duong ding x = 0 (truc
thuce) tai hai diém, tuong Ung 2 nghiém thyc (tré
khang thuan tré). TUr hai diém nay, khi di vé tdm
(Z,=50 Q) s& thuc hién phéi hop tré khang, ta xac
dinh dugc do dai cua doan duong truyén giita tai
va doan day A/4.

Déi véi Z, = 17,75 + j*13,35, ta xac dinh duoc 2
bd nghiém sau:
Nghiém 1
d,=0,20329 1
Z(d)=152,2112 Q
Z,,=812385Q

Nghiém 2
d,=0,45329 1
Z(d)=16,4245 Q
Z,,=28,6571 Q

Tuong tu, d6i véi Z, =39,15 —j*4,85, ta ciing xac
dinh dugc hai bo nghiém sau:
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Nghiém 1 Nghiém 2
d,=0,033778 A d,=0,28778 L
Z(d,) = 38,2524 Q Z(d,) = 65,3554 Q

= 43,7335 Q Z,=57,1644 Q

Ill. MO PHONG VA THAO LUAN

Cong cu md phong duoc thuc hién bang cong cu
ADS 2009. St dung cong cu LineCalc trong ADS
2009, ta xac dinh gia tri W va L cua dudng truyén
vi dai [1].

So @6 mach phdi hop tré khang dugc sir dung trong
thtr nghi€ém mo phong thé hién trong Hinh 4:

Hinh 4. So dé nguyén ly mach phéi hop 16i vao
va I6i ra st dung trong moé phdng

Mach thiét ké gém hai nhanh, 16i vao va 15i ra. B6i
v6i mdi nhanh s& gdm 2 duong truyén vi dai theo
tinh toan 1y thuyét trong muc ILE. D6i véi viée cap
nguén cho nhanh 16i vao va 18i ra, su dung doan
day co tr¢ khang Z, = 50 Q (W = 3,30375 mm va
L =4,44541 mm) va mot dién tré cao R = 5600 Q
nham dam bao cudng do dong 18i vao transistor du
nho, cung hé thdng céc ty tir 2 - 3 pF dé tranh lam
héng transistor.

/i " ’
/ |freq=9.000GHz P /)
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Hinh 5. Tham 565”, S, vaVSWR
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Tai 9 Ghz (nhu thé hién trong Hinh 5):

- Hg's0 S, =-24,337 dB (dd thi gidgm sau) cho
thay h¢ so phan xa 101 vao thap dam bao yéu
cau thiét cau thiét ké sao cho khong giy mét
mét cong suat 16i ra do phan xa 1 vao.

- Hes6S, = 11,068 dB la cong suat khuéch dai
101 ra, dam bao theo yéu cau thict ké > 10dB.

- Hé s6 song dimg VSWR = 1,129 dam bao yéu
cau x4p xi bang 1, cho thiy hé s6 phan xa thap
(ly twong khi hé sé song dimg bang 1, khong
c6 phan xa).

072

0.70—

0.68—

m3 /
freq=9.000GHz| -

ni(2)

0.66—

nf(2)=0.638 o
m3 T
0.64 [ v
082 T T T T
7.5 8.0 85 9.0 9.5 10.0 105
freq, GHz

Hinh 6. Hé s& tap am

He¢ s6 tap 4m ctia mach thiét ké nf= 0,638 < 0,8 du
nhé nhiam dam bao hé sb khuéch dai 16i ra di 16n
cho viéc ché tao bd khuéch dai tap am thip LNA
(Hinh 6).
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Hinh 7. Hé s6 Kva AS

Theo két qua moé phong Hinh 7, tai tin s6 9 GHz,
hé s6 K = 1,207 > 1 va AS = 0,479 < 1. Do do,
mach thiét ké dat d6 dn dinh vo diéu kién, dam bao
cho viéc ché tao LNA.

IV. CHE TAO BO KHUECH DAI TRONG
THUC TE

Thiét ké layout ciia mach mo phong [1]:
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Hinh 8. Layout cta LNA bdng X st dung SPF-3043

Tir mach mo phong [1], xdy dyng thiét ké mach
layout cho phu hop véi kich thude ting linh kién
nhu transistor SPF-3043, tu dién, dién trd,... thuc
té. Mach layout sau khi hoan thién s& dua vao hé¢
thong may phay dé cit va tao duong trén mot tim
phip dong FR-4.

Hinh 9. Do kiém tra véi mdy Anritsu 37369D

Két qua ché tao b khuéch dai tap am thap LNA
dua ra voi kich thude 4 x 4 (cm) va thuc hién do
danh gia mach LNA sir dung SPF-3043 bing may
do chuyén dung Anritsu 37369D (Hinh 9).

CAp ngudn cho 16i ra trude véi gia tri thiét 1ap dién
ap = 6V, cudng do dong = 0,03A. Pdi v6i ngudn
cap cho 16i vao, cudong do dong = 0,03A va thay
dbi dién ap tang dan tir OV cho dén khi man hinh
hién thi phdi hop trér khéng (xuét hién S,)) tai dién
ap 0,68V.
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Hinh 10. Tham s& S21 va S11 trén mdy Anritsu 37369D

Két qua do mach khuéch dai tap am thap LNA
c6 thé thay tai 10 GHz, hé so khuéch dai 16i ra
cao S, = 12,646 dB va h¢é s6 phan xa 16i vao

S, =-2,753 dB.

V. KET LUAN

Thiét ké, ché tao bd khuéch dai siéu cao tan tap
am thip LNA lam viéc & bang X (tir 8GHz dén 12
GHz) 1a mét thir thach v6 cung khé khin do tan sb
lam viéc rat cao. Mach khuéch dai ché tao bi 1éch
tan so voi mach thiét ké, mé phong (9 GHz so véi
10 GHz). Nguyén nhan la do:

- Mach ché tao khong thé dat d6 chinh xac tuyét
d6i nhu mach mé phong (sai so vé chiéu dai L
va d6 rong W cia duong truyén).

- Ky thuat ché tao bao gém phay mach, han, linh
kién sir dung chua dam bao du tot dan dén phat
sinh nhidu ky sinh gdy anh huéng dén mach
ché tao.

- Piéu kién chua cho phép thuc hién mo phong
va do thyc té song TEM dién tir trudng nham
thdy duoc sy phan bd dudng ste dién tir truong
trén duong truyén dan song. Qua do, xac dinh
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va diéu chinh cac van d¢ giy anh hudng téi
mach.

Tuy nhién, véi muc tiéu ban dau dit ra, mach LNA
ché tao van dam bao diéu kién lam viéc trong bang
tan X (8 GHz dén 12 GHz) cua may thu radar.

Hé sb khuéch dai ciia mach cao 12,646 dB (tai tan
s6 10 GHz), chua xét dén suy hao do day do (2-3
dB). Mach ché tao c¢6 kha niang dap tng trong cac
may thu radar ¢ nho dén trung binh véi cc tng
dung nhu giam sat thoi tiét, bé mat san bay hay trén
cac tau giam sat bién. BO LNA dugc thiét ké ché
tao nhu da trinh bay can duoc tich hop véi bd han
ché bao vé LNA khi lip vao tuyén thu cua radar
bang X [1].
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THE STUDY DESIGN, FABRICATION OF
A 9GHz LOW-NOISE AMPLIFIER (LNA)
USING FOR THE RADAR’S RECEIVER

Abstract: This paper performs the study design,
fabrication of a low-noise amplifier (LNA)
operating at 9GHz of X-band (§GHz to 12GHz) that
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be able to meet requirements using for the radar’s
receiver with gain greater than 10dB, noise figure
less than 0,8 and reflection coefficient at the input
(S,,) lower than -20dB. The design circuit uses a
common SPF-3043 in LNA design that is pHEMT
GaAs transistor with low cost but high gain and
performance, potentially extended frequency up to
10GHz.

Keywords: LNA, impedance matching, X-band,
radar.
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